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Toxin-producing microalgae are thriving worldwide due to coral reef destruction and global
warming with major consequences on ecosystems, international trade and human health.
Microalgae belonging to the family of ﬂagellate protists, in particular dinoﬂagellates, secrete a
variety of high-molecular-weight polyether toxins that accumulate through the marine food
chain to causedisease inhumansbyacting as sodiumchannel activator toxins; ciguatera is the
most frequent seafood-borne illnessworldwidewith 50,000 to 500,000 global incidences per
annumand isusually limited toendemicareas locatedbetween35 northernand35 southern
latitude. The rising global incidence frequency renders it a major human health problem,
becauseno curative treatment is available yet and reliabledetection assays are lacking. During
the last decade ciguatera has increasingly become endemic in previously unaffected areas for
two reasons: ﬁrst global warming has contributed to the emergence of dinoﬂagellate species
in subtropical and even temperate regions that previously had been constrained to tropical
areas and second: in Europe globalization of ﬁshing industry and tourism has led to a pro-
gressive increase in the number of ciguatera cases and a lack of awareness among medical
personnel contributes to under-reporting.We review, through a recent ciguatera outbreak in
Germany, the risk for ciguatera poisoning in Europe and highlight characteristic symptoms,
current knowledge about disease pathomechanisms and treatment options.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
1.1. A global public health issue
Ciguatera, a disease associated with a range of hetero-
geneous symptoms of neurological, gastrointestinal andCTX; I-CTX, Indian
(K. Zimmermann).cardiovascular origin, is contracted by humans through the
consumption of ﬁsh contaminated by ciguatoxins.
With an increasing global population, food security is
becoming difﬁcult to achieve in both emerging and devel-
oped countries. Fishery products supply millions of tons of
ﬁsh worldwide to feed low-income populations of costal
and insular areas, and provide an alternative protein source
in Europe and America. This demand exerts rising pressure
on ﬁshing grounds, and in combination with globalization
of trade, is leading to increased import and greater
Fig. 1. Gambierdiscus excentricus, a novel type of toxic dinoﬂagellate detec-
ted in 2011 in waters off the Canary Islands by researchers at the Instituto
Espa~nol de Oceanografía (Vigo, Spain). Dinoﬂagellates of the genus Gam-
bierdiscus produce CTXs that accumulate in the food chain. Photography
taken by Dr. Santiago Fraga, IEO Instituto Espa~nol de Oceanografía©.
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endemic (Achaibar et al., 2007; Garcia and Rosenberg,
2010). Thus, the disease is no longer restricted to the
South and Equatorial Paciﬁc, the Caribbean Sea and the
Indian Ocean (Bagnis et al., 1979; Lange, 1994), where
several hundreds of ﬁsh species are known to harbor the
toxins responsible for ciguatera.
While the European Union has adopted policies to
ensure food safety, global mobility and intensive tourism to
tropical and subtropical areas has led to an increased risk of
contracting pathologies that rarely occur in temperate lat-
itudes. In addition, the likelihood of contracting ciguatera
in endemic areas is also increasing, as a continuous rise in
poisoning cases has been reported since 1980 (Skinner
et al., 2011). Epidemiological studies estimate that the
annual incidence of ciguatera is about 50,000 cases of
illness worldwide. However, this evaluation may be greatly
underestimated as only 2e10% of cases are estimated to be
reported to health authorities worldwide (Lehane and
Lewis, 2000). Nonetheless, ciguatera is the most frequent
non-bacterial food and seafood-related poisoning, with
tourism and ﬁsh imports from endemic areas being the
main causes for a continuous increase in cases in temperate
latitudes (De Haro et al., 2003; Glaizal et al., 2011; Krause
et al., 1994; Sanner et al., 1997; From the Centers for
Disease Control and Prevention, 2013). To this effect,
ciguatera has become a truly global human health concern.
1.2. Ciguatera is increasing worldwide
According to Johnson and Lange, the occurrence of
ciguateric ﬁsh is restricted to tropical and subtropical ma-
rine areas between 35 northern and 35 southern latitude
(Johnson and Jong, 1983; Lange, 1987). In subtropical cli-
mates, the presence of dinoﬂagellates is seasonal and likely
affected by severe weather events. Worldwide, the Cook
Islands in the Paciﬁc appear as the area with the highest
incidence (Rongo and van Woesik, 2013). A 2011 study
estimated the lifetime risk for Cook Islanders to contract
ciguatera as >25% (Skinner et al., 2011). In recent years
however, not only an increase in the incidence of ciguatera
in endemic areas is observed, but also a higher incidence in
subtropical regions and a spread of dinoﬂagellates into
temperate climate zones, with ciguatoxic ﬁsh occurring
near European coastlines and in the Mediterranean sea
(Bentur and Spanier, 2007; Otero et al., 2010). Since 2010 at
least three ciguatera outbreaks have been reported in the
Canary Islands. These outbreaks coincided with the detec-
tion of novel toxin-producing dinoﬂagellates of the genus
Gambierdiscus including Gambierdiscus excentricus (Fig. 1),
and very recently Gambierdiscus silvae, which were iden-
tiﬁed off the Canary Island coastal waters (Boada et al.,
2010; Nunez et al., 2012; Fraga and Rodríguez, 2014).
The Caribbean was previously considered as the only
endemic area in the Atlantic Ocean, but recently, the
occurrence of ciguatera was reported along the West Africa
Coast, in particular the coastlines of Cameroon and Senegal
(Glaizal et al., 2011; Bienfang et al., 2008). Ciguatera is also
on the rise on the Asian continent with toxic micro-algae
located on the Korean shorelines and around Jeju Island
at 33 northern latitude for the ﬁrst time in 2011 (Jeonget al., 2012). More recently, there were major outbreaks in
temperate climates caused by imported contaminated ﬁsh,
including 6 outbreaks in New York involving 28 poisoned
persons between 2010 and 2011 (From the Centers for
Disease Control and Prevention, 2013) and an outbreak in
2012 in northern Germany, where 20 cases were reported.
1.3. Ciguatoxins e sodium channel toxins in the marine food
chain
Marine biotoxins produced by dinoﬂagellates are the
causative agents in human ciguatera poisoning. Di-
noﬂagellates are benthic single-cell organisms residing as
epiphytes on damaged corals and contain ciguatoxins as
metabolic products. Ciguatoxins (CTXs) are among the
most potent neurotoxins. They accumulate through the
food chain in herbivorous and carnivorous reef ﬁsh and
reach highest concentrations in large predatory carnivo-
rous ﬁsh. Host ﬁsh may be either insensitive to the toxic
effects of ciguatoxins, as they appear to be free of symp-
toms, and instead accumulate the toxins in the ﬂesh,
viscera and liver. However, since ciguatera is rarely lethal in
humans (<1%), ﬁsh carrying particularly high levels of CTXs
may be eliminated from the food chain early and thus
restrict the doses consumed by humans to sub-lethal
exposure. In contrast, freshwater ﬁsh appear more sensi-
tive and CTXs can be lethal at lower concentrations (Lewis,
1992). An exception appears to be a reported high death
rate (20%) in Madagascar, after consumption of a ciguateric
shark (Habermehl et al., 1994).
CTXs are high molecular weight, hydrophobic cyclic
polyethers (~1 kDa). CTXs are composed of 11e14 adjacent
rings and are grouped in 3 subtypes, depending on their
origin from the Paciﬁc (P-CTX), the Indian Ocean (I-CTX)
and the Caribbean (C-CTX). The chemical structure of P-
CTX-1B is shown in Fig. 2 (Murata et al., 1990; Lewis et al.,
1991). In general, P-CTXs are considered the most potent,
with humans exhibiting symptoms at 0.1 ppb (0.1 ìg/kg);
they are approximately 10-fold more potent than the
Fig. 2. Structure of P-CTX-1B (Murata et al., 1990; Lewis et al., 1991).
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ical symptoms (Friedman et al., 2008). The toxicity of the
four described I-CTXs variants is estimated at about 60% of
the P-CTXs (Hamilton et al., 2002).
Ciguateric ﬁsh cannot be distinguished from non-toxic
ﬁsh, neither by texture, smell nor taste and CTXs are
indestructible by heating, freezing or gastric acid and
virtually non-perishable in frozen ﬁsh, which is why in-
toxications may occur anywhere through import of
contaminated ﬁsh. According to Gillespie, more than 400
species from 57 families and 11 orders are described as CTX
carriers (Gillespie et al., 1986). Table 1 lists the most com-
mon ﬁsh that caused poisoning in recent years. Mecha-
nistically, CTXs occupy binding site 5 of the mammalian
voltage-gated sodium channels, which is located in the
vicinity of the pore leading to channel activation of mainly
neuronal, and to a lesser extent muscular and cardiac, so-
dium channel subtypes (Bidard et al., 1984; Lombet et al.,
1987). CTXs inhibit Naþ channel inactivation and shift
their voltage dependence towards more negative poten-
tials. Additionally they act as voltage-gated Kþ channel
inhibitors (Birinyi-Strachan et al., 2005; Schlumberger
et al., 2010). As a result, membrane potential oscillations
emerge which in turn lead to sensitization of transducer
ion channels, like cold-sensitive TRPA1 and potentially
TRPV1 which may explain some of the sensory symptoms
associated with ciguatera (Vetter et al., 2012).2. Ciguatera in Germany
2.1. Ciguatera outbreaks
In most European countries, ciguatera is considered an
exotic disease, and is included in the ﬁeld of tropical and
travel medicine (De Haro et al., 1997; Glaizal et al., 2011).
Between 2000 and 2013, 61 cases were registered in Ger-
many, which were related to travels in endemic areas
(Zimmermann et al., in press).
In 2009 in the port of Hamburg, the Filipino crew of a
container ship under Bahamian ﬂag en route from South
America to Germany consumed ﬁsh caught in the Carib-
bean and all sailors bar one ewho had not eaten the ﬁsh e
suffered from ciguatera. Once in Hamburg, they received
medical treatment. The ﬁsh involved in this ciguatera
outbreak was later identiﬁed as Red grouper (Cephalopholis
miniata) and Bigeye Trevally (Caranx sexfasciatus) (Schlaich
et al., 2012). For the ﬁrst time in Germany, a larger ciguatera
outbreak occurred more recently through the consumptionof fresh ﬁsh imported from South Indian ﬁshing grounds,
with 20 patients affected mainly in northern Germany.
These cases were reported to the GIZ-Nord Poisons Center
in November 2012 and evaluated in detail in terms of their
symptoms and initial treatment. However, the suspicion of
a high number of unreported cases is warranted given that
ciguatera can be difﬁcult to diagnose, and in contrast for
example to the United States, poisoning is not subject to
mandatory reporting in Germany.2.2. Samples of red snapper sold in Germany contained P-
CTXs
After the ﬁrst cases of ciguatera emerged in early
November 2012 and were reported to the regional Poison
Control Centres, the imported contaminated ﬁsh was
immediately recalled. Local food control laboratories
located in states where cases occurred sent contaminated
ﬁsh samples to the national reference laboratory (NRL) for
marine biotoxins at the Federal Institute for Risk Assess-
ment (BfR) in Berlin. As no methods for CTX analysis were
available at the German NRL, the samples were forwarded
to the European Union Reference Laboratory for Marine
Biotoxins (EURLMB) in Vigo, Spain and the putatively
contaminated ﬁsh samples were analyzed by liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
according to a method published by (Yogi et al., 2011) with
slight modiﬁcations. The only available analytical standard
was P-CTX-1B. Seven out of eleven samples tested positive
for P-CTX-1B. In addition, other putative CTX variants were
detected across most samples, however, could not be
conﬁrmed as CTXs due to the lack of reference compounds.
The original data belong to the ofﬁcial state ofﬁces for
consumer protection and food safety of the states of
SchleswigeHolstein, Hamburg, Lower Saxony and Bavaria,
the BfR and the EURLMB. The affected ﬁsh originated from
Sri Lankan ﬁshing grounds, where some areas were
affected by three subsequent heavy cyclones in summer
and autumn 2012. Cyclones entail destruction of coral reefs
and lead to increased oxygen concentration in the water,
which in combinationwith warmwater temperature favors
algal bloom and as a result promotes thriving of toxin-
producing dinoﬂagellates. In fact, a recently published
study showed that the occurrence of ciguateric ﬁsh is not
correlated with coral growth, but rather with reef bleach-
ing which also increases the incidence of Ctenochaetus
striatus, the striated surgeonﬁsh, a tropical herbivorous ﬁsh
(Rongo and van Woesik, 2013). Intact corals may carry an
Table 1
Fish species that may contain CTXs. More than 400 ﬁsh species can be a vector for CTXs, but only a relatively small number are permanently ciguateric and
must to be avoided.






Snappers, sweetlips Pottier et al., 2002a Guadeloupe
Red bass, Red emperor,
Paddle tail
Beaglehole, 1961; Oshiro et al., 2010;
Hsieh et al., 2009; Yogi et al., 2013
New Hebrides, Okinawa, Amami and
Kakeroma (Japan), Taiwan
Carcharhinus amboinensis Pigeye shark Habermehl et al., 1994; Ramialiharisoa
et al., 1997
Madagascar
Gymnothorax spp. Moray eel Lewis et al., 1991; Oshiro et al., 2010;
Bourdeau and Bagnis, 1989
Kiribati,




Barracuda Lewis and Endean, 1984b; Pottier et al., 2003;
De Haro et al., 1997; Morton and Burklew,
1970; Morris et al., 1990; Bourdeau, 1992
Mexico, Australia, Guadeloupe,

















Wong et al., 2005; Luo et al., 2011;
Oshiro et al., 2010; Bagnis et al., 1979;
From the Centers for Disease Control
and Prevention, 2013; Bourdeau, 1992
Hong Kong, Xiamen (China),






Humphead wrasse Chan, 2013 Hong Kong






Nunez et al., 2012;
Boada et al., 2010; Otero et al., 2010;
Poli et al., 1997; Bourdeau and Bagnis, 1989
Canary Islands, Madeira,






Endean et al., 1993; Gillespie et al., 1986 Queensland (Australia)









Pottier et al., 2002b; Schlaich et al., 2012;
Bourdeau, 1992; Vernoux and Lewis, 1997
West Indies
Cephalopholis miniata Red grouper, Coral cod Schlaich et al., 2012 West Indies
Variola louti Yellow-edged lyretail Glaizal et al., 2011; Oshiro et al., 2010 Mauritius, Okinawa (Japan)
Lachnolaimus maximus Hogﬁsh Bourdeau and Bagnis, 1989 West Indies
Symphorus nematophorus Chinaman cod Lewis and Endean, 1984a Queensland (Australia)
Rachycentron canadus Cobia Lewis and Endean, 1984a Queensland (Australia)
Lethrinus spp. Emperor Whitley, 1943 Queensland (Australia)
Polydactylus quadriﬁlis African threadﬁn Glaizal et al., 2011 Senegal
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while cyclones are common in the Indo-Paciﬁc area, they
are triggers for the domestic population to avoid eating ﬁsh
up to several weeks after such an event (Glaizal et al., 2011).
2.3. Patients, diagnosis and initial treatment
A total of 19 patients contacted either Deutsche See, the
vendor of the contaminated ﬁsh products, or the GIZ-Nord
Poisons Center a few hours to days after the consumption
of ﬁsh, although an unknown number of undiagnosed cases
is suspected. Reported cases occurred in urban areas of
Hamburg (4), Kiel (7), Celle (2), Bad Kreuznach (2), Mainz
(2) and in the state of Bavaria (2). In December 2012,
approximately four weeks after beginning of disease
symptoms, we sent questionnaires with questions about
initial treatment and symptomatology to 14 of the 20affected people. All patients still suffered from neurological
ciguatera symptoms. 11 patients returned the question-
naire (4 females and 7 males). Each of them had consumed
between 80 and 300 g of red snapper (Lutjanus malabar-
icus). The patients were predominantly adults between 38
and 76 years of age and the majority (7 patients) were
above 60. Some suffered from pre-existing diseases such as
diabetes and coronary heart disease. The initial symptoms
were similar in all patients: about 45 min after consump-
tion of ﬁsh the majority (6/11) felt a burning sensation in
themouth. After 4e12 h, diarrhea (10/11) and/or nausea (6/
11) accompanied by vomiting (5/11) evolved. After the
acute gastrointestinal toxicity phase had faded, all patients
complained of feeling cold which is characteristic of
ciguatera, and was present in 10/11 patients. According to
the literature, a drop in body temperature e likely due to
central nervous system effects (Gatti et al., 2008) e is a
C. Mattei et al. / Toxicon 91 (2014) 76e8380common symptom of ciguatera and has been experimen-
tally reproduced in rodents (Bottein Dechraoui et al., 2008).
Furthermore, the majority of patients (7/11) complained
about diffuse pruritus within 24 h after the ﬁsh meal. Three
patients developed pruritus later during the disease. All
intoxicated patients except for one received medical
treatment within the ﬁrst four days after ﬁsh consumption.
In most cases, the family physician was visited, but one
couple called an ambulance and was hospitalized because
of strong vegetative symptoms including hypotension and
repetitive fainting. In fact, in some ciguatera cases early
cardiovascular symptoms can dominate the disease with
potentially life-threatening bradycardia and hypotension,
and may require the use of atropine, hydration and
inotropic drugs (Chan and Wang, 1993; Chan, 2013; Hung
et al., 2005; Senthilkumaran et al., 2011). For these two
patients, the diagnosis was gastroenteritis caused by en-
terotoxins due to the history of ﬁsh consumption. However,
both self-diagnosed ciguatera retrospectively based on an
internet search, as did six other patients including two
married couples. A fourth couple self-diagnosed ciguatera
before visiting a physician. A 76-year old patient decided to
refrain from seeking medical attention based on internet
information that advised that it would have been too late
for mannitol infusion therapy. Time to diagnosis exceeded
48 h for all patients. Only one patient received mannitol
infusion for treatment, while in 6 cases, clinical, ultrasound
and/or laboratory examinations were carried out but no
speciﬁc treatment was initiated. Another patient was
treated with an antihistamine for suspected allergy, while
the hospitalized coupled received intravenous ﬂuid sup-
port. Although the majority of medical staff involved in
diagnosis and treatment misdiagnosed the condition, 8
patients thought this was understandable given the initial
non-speciﬁc gastrointestinal symptoms, the generally low
incidence of ciguatera in central Europe and the ensuing
lowawareness about the disease. Only three patients stated
they were dissatisﬁed with their medical treatment.
2.4. Long-lasting ciguatera symptoms
In the majority (9/11) of cases, gastrointestinal symptoms
subsided within one week. However, non-speciﬁc central,
sensory and vegetative symptoms persisted and remained
present at the time of the interview, which was 6e8 weeks
after the intoxication. A few patients still suffered from pru-
ritus 1 year after the poisoning. Central neurological symp-
toms included fatigue (7/11), difﬁculty sleeping (7/11),
dizziness (7/11), lack of concentration (6/11), word-ﬁnding
difﬁculty (5/11), reduced mental capacity (5/11) and un-
steadiness (5/11), all of which are commonly described in
ciguatera. Fivepatientsdescribedpersistentmetallic taste and
about half complained of respiratory problems, either as
shortness of breath or swollen mucous membranes. This pa-
thology resolved spontaneously within three weeks. All pa-
tients experienced long-lasting general weakness,
accompanied by reduced physical capacity, and abnormal
fatigability existed for several months in some cases.
Ten patients complained for at least one -on average three
and a half- weeks about feeling cold and experiencing per-
sistant pruritus. In almost all patients, burning pain incombinationwith coolingof the skin, so-called cold allodynia,
was present. Both pruritus and cold allodynia located pre-
dominantly to the periphery of upper and lower extremities.
Bodily distribution of both symptoms is illustrated in Fig. 3.
This distribution shows strong similarity to the distribu-
tion of distal axonal polyneuropathies, so-called “dying back
neuropathies”, and is in agreement with description in the
literature (Schnorf et al., 2002). Hence, ciguatera neuropathy
exhibits sensory disturbances of both large and small
diameter ﬁbers, with dysfunction mainly affecting small ﬁ-
bers. Overall, there was a strong variation in the frequency
and intensity of symptoms which is also in accordance with
epidemiological data (Bagnis et al.,1979). The reasons for this
may be multifactorial: it is known that individual or hered-
itary sensitivity for CTXs, as well as amount and subtypes of
toxins ingested contribute to the variability of symptoms.
Cold allodynia, pruritus, tingling paresthesia, and vari-
able pain symptoms are considered to be characteristic of
ciguatera poisoning. Cold allodynia e some patients
describe it as a reversal of temperature sensing e is
considered pathognomonic (Vetter et al., 2012;
Zimmermann et al., 2013) and affects especially perioral
areas, as well as the peripheral parts of the extremities.
Published studies mention cold allodynia at a frequency of
up to 94%, with pruritus occurring in up to 76% of ciguatera
patients (Table 2). Although the incidence and severity of
neurological symptoms is diverse, essentially all ciguatera
victims suffer from paresthesias or diffuse pain, including
myalgia, arthralgia, tooth pain or headache (Table 2); in
addition, hypothermia is common in ciguatera. Thus, the
presence of some or all the above symptoms in combina-
tion with recent ﬁsh consumption should lead to consid-
eration of ciguatera as the differential diagnosis.
3. Ciguatera symptoms and therapeutical options
3.1. Ciguatera symptoms tend to become chronic and CTX re-
exposure leads to recurrent symptoms
One of the distinctive features of ciguatera is the
persistence of neurological symptoms, which can last for
months with recurrent paroxysmal periods even after
years. The recurrence of symptoms, like pruritus, may be
triggered by certain environmental factors and behaviors
(Friedman et al., 2008). Therefore, patients are often
encouraged to avoid alcohol, caffeine, exercise or activities
that can lead to dehydration as well as consumption of ﬁsh
for several months, as these have been reported to be
associated with an increased risk of symptom recurrence.
However, these recommendations are based on isolated
case reports rather than systematic clinical studies. Simi-
larly, case reports suggest that subsequent ciguatera
poisoning can be associated with more severe symptom-
atology than the primary intoxication. For instance, in 2010
a French couple experienced ciguatera poisoning in
Mauritius and both were again exposed to CTXs during a
stay in Senegal one year later, where they consumed
servings of some large giant African threadﬁn (Polydactylus
quadriﬁlis). The couple suffered from gastrointestinal
symptoms followed by neurological symptoms that lasted
for up to 11 days. Remarkably, none of the other guests who
Fig. 3. Schematic representation of the distribution of cold allodynia (blue) and pruritus (red) on the body. In almost all patients, cold allodynia appears mainly
conﬁned to the hands and feet, especially the soles of the feet. Unlike cold allodynia, pruritus was more diffusely distributed at the time of the observation. The
number of patients with symptoms (n ¼ 11) was differentiated by gradation of blue and red values.
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toms (Glaizal et al., 2011). Recurrence of ciguatera symp-
tomatology in previously asymptomatic subjects has been
reported frequently (Dickey and Plakas, 2010; Vigneau
et al., 2008). It is possible that the highly lipophilic CTXs
persist on axonal membranes where they cause a distal
axonal channelopathy. In addition, it is likely that due to
their lipophilicity, CTXs accumulate in body fat fromwhere
they are only slowly eliminated. A second exposure toTable 2
Clinical symptoms of ciguatera. Shown is the reported fre-
quency (%) of clinical symptoms at the time of diagnosis ac-

















Hypertension 16signiﬁcantly lower doses, or secondary insults affecting
neuronal function, could then lead to recurrence of symp-
toms as no “loading dose” is required to achieve sufﬁcient
accumulation of CTXs in fat depots.
In about 5% of cases, acute ciguatera results in a long-
lasting disease, which carries features of a systemic im-
mune response and is referred to as chronic ciguatera.
Symptoms include general asthenia, cognitive impairment,
chronic pain as well as shortness of breath. Neurological
symptoms from the acute stage may persist. A recent study
identiﬁed predictive factors for the development of chronic
ciguatera and recommended the measurement of speciﬁc
biological markers which may support the diagnosis of
chronic ciguatera. These markers include for instance the
presence of certain HLA DR Haplotypes (such as HLA-DRB1
4) which may also be present in patients with Lyme disease
or rheumatoid arthritis (Shoemaker et al., 2010).
3.2. Therapeutical options
Apart from early (<60 min) removal of toxins by vom-
iting and gastric lavage which may be difﬁcult to achieve
and is not routinely recommended due to the highly vari-
able, and often inefﬁcient, removal of toxins, therapeutic
options are limited and medical management of ciguatera
remains largely symptomatic.
In endemic areas, phytotherapeutics are often pre-
scribed; however their efﬁcacy has not yet been system-
atically studied in clinical trials (Kumar-Roine et al., 2011).
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administered early, although the studies reporting efﬁcacy
in reversing neurological symptomswere largely based on a
small numberof cases, all ofwhichwere either uncontrolled
or only randomized (Stewart, 1991). A randomized double-
blind study carried out in 2002 in Rarotonga (Cook
Islands) compared intravenous mannitol with Ringer's so-
lution and reported a reductionof neurological symptoms in
both groups by about half after 24 h, although overall no
signiﬁcant beneﬁt was associated with the use of mannitol
(Schnorf et al., 2002). Nevertheless, mannitol infusion was
recommended as the ﬁrst option for treatment within
48e72 h after a ﬁsh meal in case of no contraindications
(Friedman et al., 2008). Repeated mannitol infusions have
not been tested in a double blind study. Results of a cumu-
lative clinical case series suggest that the bile acid binding
resin cholestyramine might be effective in ciguatera. The
Center for Research on Biotoxin Associated Illnesses (Poco-
moke, USA) reported successful treatment ofmore than 200
ciguatera patients with cholestyramine since 1999. Chole-
styraminewas associatedwith positive effects if given early
after the ﬁrst symptoms, although effects declined in illness
of longer duration (Shoemaker et al., 2010). Interestingly,
cholestyramine at a dose of 1e2 g q.i.d. (max. 16 g/d) is also
used in the treatment of cholestatic pruritus with consid-
erable success (Van Itallie et al., 1961).
Brevetoxins (from the dinoﬂagellate Karenia brevis),
polyether toxins which are structurally similar to CTXs, are
bound to high-density lipoproteins in plasma of ciguatera
victims (Woofter and Ramsdell, 2007) which suggests that
CTXs or other polyether toxins may undergo enterohepatic
recirculation. Accordingly, cholestyramine may accelerate
elimination of these toxins, leading to earlier abatement of
symptoms and prevention of progression to chronic cigua-
tera. In mild cases, cholestyramine in conjunction with
mannitol might be considered as an early therapy to relieve
symptoms, while in severe cases associatedwith signiﬁcant
cardiovascular symptoms, lipid apheresis might be consid-
ered as an experimental treatment. Physicians who suspect
ciguatera should immediately inform their regional Poison
Control Centre, which may be able to assist with conﬁrma-
tion of diagnosis, track and recall affected ﬁsh products to
limit ciguatera epidemics, and send samples for analysis.4. Conclusion
Although known since the 18th century, ciguatera is still
a major challenge today. There is a lack of robust diagnostic
tests; no reliable screening method exists to identify
contaminated ﬁsh; the disease often leads to protracted
morbidity and no speciﬁc cure or effective treatment is
available, limiting therapeutic options. Since only a few
countries have established mandatory reporting of cigua-
tera, it is very difﬁcult to achieve epidemiological and
clinical studies with sufﬁcient case numbers in Europe. On
the other hand, health care facilities and capacity for larger
randomized controlled trials are usually limited in endemic
areas. An increase in cases in central Europe can be ex-
pected based on increasing globalization and climate
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